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Abstract. We present studies of the e+e− → K+K−γ reaction for the e+e− center-of-
mass energies close to the φ(1020) meson mass. Different mechanisms leading to the
final state are considered. The strong interaction amplitudes of the K+K− pairs in the S -
wave are taken into account. In addition, the photon emission in the initial state, the final
state radiation effects and all the possible interference terms are included in the transition
matrix elements. The K+K− effective mass distributions and the angular dependence of
the reaction cross-section are calculated.
1 Introduction
A measurement of the e+e− → K+K−γ transition could provide a new information about the KK¯
strong interactions near threshold as well as about the structure of the f0(980) and a0(980) scalar
mesons. The kaon-antikaon interaction was studied in several proceses, e.g. in the pp → ppK+K−
reaction near the kinematical threshold but the strong interactions of protons in the final state made the
interpretation of the results very difficult [1–3]. There are no such obstacles in the KK¯γ system. For
the e+e− → K0K¯0γ branching fraction only the upper limit 1.9 · 10−8 is known [4] and the branching
fraction for the φ(1020) meson decay into the K+K−γ channel is yet unknown. The φ(1020)→ π+π−γ
branching fraction has been measured: Γ(π+π−γ)/Γtotal = (4.1 ± 1.3) · 10−5 [5] and the fits for the
branching fractions of the φ(1020) meson decay into the two scalar resonances plus photon give the
following results: Γ( f0(980)γ)/Γtotal = (3.22± 0.19) · 10−4, Γ(a0(980)γ)/Γtotal = (7.6± 0.6) · 10−5 [6].
Both f0 and a0 decay to the kaon pairs with low relative momenta, thus studies of the e
+e− → K+K−γ
transition at the φ mass peak could provide a new information about the K+K− strong interactions
near threshold as well as about the structure of the scalar mesons.
2 K+K− effective mass distributions and angular distributions
The differential cross section for the reaction e+(pe+)e
−(pe−) → K+(pK+ )K−(pK−)γ(pγ) reads
dσ
dm2dm2
K−γdtdt1
=
|M|2
(2π)416s(s − 4m2e)(s − m2)r
. (1)
The matrix element M can be expressed in terms of five invariants depending on the particle momenta
p: s = (pe+ + pe− )
2, two effective masses squared m2 = (pK+ + pK− )
2 and m2
K−γ = (pK− + pγ)
2,
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and two momentum transfers squared t = (pe− − pγ)2 and t1 = (pe− − pK− )2. In Eq. (1) r =√−(t1 − t1min)(t1 − t1max), where t1min and t1max are the kinematically allowed minimum and maximum
values of the momentum transfer squared t1, respectively. The squares of the momentum transfers t1
and t are related to the K− and photon polar angles θ1 and θγ, defined in the e+e− center-of-mass frame
with the z-axis chosen along the e− momentum:
t1 ≈ m2K −
√
s El1(1 − v1 cos θ1), t ≈ −
√
s ωl(1 − cos θγ). (2)
In the above equations, where a small value of the electron mass is neglected, v1 is the K
− velocity,
El
1
and ωl are the K− and photon energies given by the following expressions:
El1 =
m2 + m2
K−γ − m2K
2
√
s
, ωl =
s − m2
2
√
s
. (3)
The K−γ effective mass is related to the K− polar angle θ∗
1
defined with respect to the direction of
the photon momentum in the K+K− center-of-mass frame (v being the K− velocity):
m2K−γ = m
2
K +
1
2
(s − m2)(1 − v z), v =
√
1 − 4m2
K
/m2, z = cos θ∗1. (4)
In Ref. [7] two theoretical models have been exploited in detailed fits to the KLOE data of the
φ → f0(980)γ→ π+π−γ decay. The first model labeled NS (no-structure model) has been formulated
by Isidori, Maiani, Nicolaci and Pacetti in Ref. [8]. The second one called the kaon loop model has
been developed by Achasov and his collaborators (see for example [9]). In this study we present
results corresponding to the NS-model of the e+e− → K+K−γ reaction. The parameters of the model
have been taken from Table 1 of [7].
In Fig. 1 the K+K− effective mass distributions and K− angular distributions with respect to the
photon momentum axis in the K+K− center-of-mass frame are jointly shown. The K− angular distri-
butions in the e+e− c.m. frame are shown in Fig. 2 for two K+K− effective masses m equal to 900 and
998 MeV. In Fig. 3 the photon angular distributions are presented for two values of m.
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Figure 1. Left panel: K+K− effective mass distributions, right panel: double differential cross sections at m=990
MeV versus the cosine of the K− polar angle defined in Eq. (4). In both cases 450 < θγ < 1350. Four contributions
to the total result are presented. They are labeled by FSR (final state radiation), ISR (initial state radiation), NS
(NS model) and Int(NS-FSR) (interference of the NS and the FSR amplitudes).
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Figure 2. K− angular distributions at fixed m for 450 < θγ < 1350. The meaning of the labels total, FSR, ISR
and NS is the same as in Fig. 1. By NS-FSR, ISR-FSR and NS-ISR we denote the interference terms of the NS
and FSR amplitudes, the ISR and FSR amplitudes, and the NS and ISR amplitudes, respectively.
Table 1. The cross sections integrated over the K+K− effective mass from the threshold up to 1009 MeV for two
ranges of the photon emission angle θγ.
reaction mechanism 240 < θγ < 156
0 450 < θγ < 135
0
FSR 0.330 nb 0.238 nb
NS 0.0020 nb 0.0014 nb
Int(NS-FSR) -0.021 nb -0.015 nb
ISR 0.183 nb 0.104 nb
total 0.494 nb 0.328 nb
3 Prospects of the e+e− → K+K−γ reaction studies with the KLOE data
One of the best data sets which could be used to study the e+e− → K+K− → K+K−γ reaction was
collected by the KLOE experiment operating at the DAΦNE φ-factory in Frascati, Italy [10]. Its
advantage is a very good kaon momenta determination and the high statistics. However, one needs
to deal with a detection of low energy photons (Eγ < 32 MeV in the e
+e− c.m. system) and the slow
kaon momentum tracks at the low K+K− effective masses. Based on the values of the cross sections
given in Table 1 we show in Table 2 the estimated numbers of events for the integrated lumonisty of
1.7 fb−1. Corrections for the detector acceptance and efficiency are not yet done.
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Figure 3. Photon angular distributions at fixed m=990 and 1000 MeV.
Table 2. Numbers of events for the K+K− effective mass up to 1009 MeV and for two ranges of θγ.
reaction mechanism 240 < θγ < 156
0 450 < θγ < 135
0
FSR 5.6·105 4.0·105
NS 3.4·103 2.4·103
Int(NS-FSR) -3.6·104 -2.5·104
ISR 3.1·105 1.8·105
total 8.4·105 5.6·105
These results of theoretical calculations can be used in a future experimental measurement of the
unknown branching fraction of the φ(1020) meson into the K+K−γ channel.
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